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(57) Abstract: Accordingly, the present invention provides a process for the preparation of a compound of formula (I) or a single 
enantiomer thereof, or a salt or a solvate thereof, wherein W is a chiral auxiliary or hydrogen and P l and P 2 are each independently 
selected from hydrogen or a protecting group, which comprises: a) treatment of a compound of formula (II), or a salt or a solvate 
thereof, wherein W is a chiral auxiliary and P 1 and P 2 are each independently selected from hydrogen or a protecting group, with 
a compound of formula (III); b) treatment of the resulting product with a reducing agent; c) if required, deprotection to yield the 
compound of formula (I), or a salt or solvate thereof. In particular there is provided a process for producing a substantially pure 
single enantiomer of salmeterol. 
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A Novel Process for Preparing Salmeterol 

This invention relates to a process for the preparation of salmeterol and to intermediates 
in the process. 

Processes for preparing salmeterol either as a racemate or in enantiomerically pure 
form have been described in GB 2140 800 and EP 0422 889. 

EP 0460924 discloses the compound (R)-(-)-4-amino-3,5-dichloro-a[[[6-[2-(2- 
pyridinyl)ethoxy]hexyl]amino]methyl]benzenemethanol and processes for its preparation 
employing chiral auxiliaries. 

Methods of preparing a substantially pure single enantiomer often involve the resolution 
of diastereoisomers. However where one enantiomer is preferred this process is 
wasteful unless the unwanted enantiomer can be recycled. It is preferable to be able, to 
efficiently synthesise directly one enantiomer in a substantially pure form. 

The present invention relates to a new process for the preparation of salmeterol 
especially as a single enantiomer, which may result in time and/or cost savings and the 
enantiomeric excess may be superior to that previously obtainable. 

Accordingly, the present invention provides a process for the preparation of a 
compound of formula (I) 




or a single enantiomer thereof, or a salt or a solvate thereof, wherein W is a chiral 
auxiliary or hydrogen and P 1 and P 2 are each independently selected from hydrogen or 
a protecting group, which comprises: 
a) treatment of a compound of formula (II), 
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or a "salt or" a solvate thereof, wherein W is a chirafauxiliary and P 1 and P 2 are as 
defined above, with a compound of formula (III), 




b) treatment of the resulting product with a reducing agent, 

c) if required, deprotection to yield the compound of formula (I), 
or a salt or solvate thereof. 



10 This process uses a commercially well established intermediate (referred to as 
compound of formula (V) below) known in the synthesis of salmeterol in a simple and 
robust process that may be used on a commercial scale the process uses relatively mild 
t reagents with minimal toxicity that are readily available and inexpensive and does not 
require the use of sensitive or expensive catalysts that may be environmentally 

15 damaging especially when used on a large scale. Furthermore the yield of the process 
means the chiral synthesis of salmeterol using this process is now commercially viable. 

Advantageously the process is very clean, avoiding the formation of undesirable 
biprdducts, such as caused by esterification of the unprotected hydroxyl (3 to the 
20 nitrogen including the hydroxyl in the chiral auxiliary, which reduces the amount of 
purification necessary for the final product which may result in cost savings. Such 
esterification by-products have surprisingly been found to be a particular problem with 
use of analogous compounds of formula (III) represented by the formula (Ilia) 
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wherein Z represents halogen, hydroxyl or together with the carbonyl represents an 
activated ester. The problem is particularly evident wherein Z represents halogen. 

Additionally since the process does not require the hydroxyl p to the nitrogen to be 
5 protected (e.g. with a protecting group as such, or else masked as a carbonyl), it avoids 
the unnecessary use of unpleasant reducing agents (e.g. diborane) at a late stage in the 
process and/or expensive catalysts or protecting reagents. 

Furthermore maintaining the presence of the chiral auxiliary in the compound of formula 
10 (II) during the coupling between the compound of formula (II) and the compound of 
formula (III) ensures that only the desired product is obtained because the chiral 
auxiliary acts as a protecting group in this reaction. 

In one or more of these respects the process is advantageous over processes 
1 5 described in the prior art, such as EP 460924. 

The process also provides an efficient way of producing a substantially pure single 
enantiomer of salmeterol. 

20 Thus a suitable process for the preparation of the compound of formula (la) 




(R-salmeterol) or a salt or a solvate thereof, comprises: 
a) treatment of a compound of formula (II 1 ), 



or a salt or a solvate thereof, wherein W is a chiral auxiliary and P 3 and P 4 
independently represent a protecting group, with a compound of formula (III) as defined 
above 



25 
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b) treatment of the resulting product with a reducing agent, 

c) if required, deprotection to yield the compound of formula (la), 

d) optional conversion to a corresponding salt or solvate thereof. 

5 An analogous process may be used to prepare S-salmeterol by selecting a suitable 
chiral auxiliary. 



10 



15 



20 



25 



Preferably W represents a chiral auxiliary, more preferably W represents a moiety of 
formula (Y) 

R V^OH (Y) 

or a single enantiomer thereof, wherein R 1 represents Ci^alkyl e.g. iso-propyl, iso-butyl 
or sec-butyl or optionally substituted phenyl or benzyl wherein the optional substitution 
is one or more independently selected from C^alkyl, halogen, hydroxy, C^alkoxy or 
nitro e.g. para-hydroxy phenyl. 

More preferably W may represent Y 1 

R1<S Y^0H (Y 1 ) 
wherein R 1 is as defined above. Alternatively it represents a moiety of formula (Y 2 ) 

Rl """f^OH (Y 2 ) 

wherein R 1 is as defined above, especially a moiety of formula (Y 2 ). 

Preferably R 1 represents phenyl optionally substituted as described above, iso-propyl or 

sec-butyl. 

In an especially preferred aspect of the invention W represents a moiety of formula (Ya), 
most preferably the moiety of formula (Ya 1 ), 
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and/or the moiety of formula (Ya 2 ), 



5 




Preferably in the reaction between compounds of formula (II) with compounds of 
formula (III) P 1 and P 2 will independently represent a protecting group. 

Preferably P 1 and P 2 together with the oxygens to which they are attached to represent 
10 acetonide. Preferably P 3 and P 4 together with the oxygens to which they are attached to 
represent acetonide. 

The salt that is most preferred is the xinafoate salt. 

15 Particularly preferred aspects of the invention include those in which each variable in 
the compounds of formulae (I), (II) and (III) is selected from the preferred groups for 
each variable. Even more preferable aspects of the invention include those in which 
each variable in the compounds of formulae (I), (II) and (III) is selected from the more 
preferred or most preferred groups for each variable. 

20 

"Protecting group" is a term well understood by persons skilled in the art. Protecting 
groups may be any conventional protecting groups, for example as described in 
"Protective Groups in Organic Synthesis" by Theodora Greene and Peter G.M. Wuts 
(John Wiley and Sons Inc. 1999). 

25 

P 1 and P 2 may be an entity with the capacity to protect two alcohols simultaneously for 
example, where P 1 and P 2 taken together with the oxygens to which they are attached 
represent an acetal or ketal e.g. acetonide. Alternatively P 1 and P 2 could be separate or 
different protecting groups. 

30 

Hydroxyl protecting groups P 1 and P 2 include but are not limited to carboxylic acid 
esters e.g. acetate ester, aryl esters e.g. benzoate ester, acetals/ketals e.g. acetonide 
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and benzylidene, ethers e.g. Obenzyl and p-methoxybenzyl ether, tetrahydropyranyl 
ether and silyl ethers e.g. tert-butyldimethylsilyl ether. 

Protecting groups can be removed by acid or base catalysed hydrolysis or reduction for 
5 example hydrogenation. Silyl ethers may require hydrogen fluoride or 
tetrabutylammonium fluoride to be cleaved. 

A "chiral auxiliary" is a moiety that is introduced into a molecule to influence the 
stereochemistry of the product formed, and is removed in whole or part at a later time. 
10 A chiral auxiliary may simultaneously function as a protecting group. 

The chiral auxiliary in this process will typically be removed by hydrogenolysis using for 
example a palladium on carbon catalyst or preferably using palladium hydroxide 
(Pearlman's catalyst). Advantageously when Pearlman's catalyst is used the removal of 
15 the chiral auxiliary is most efficient. This method of removal is especially suitable where 
R 1 is phenyl or a substituted phenyl. Alternatively the nitrogen, to which the moiety of 
formula (Y) is attached, may be derivatised under oxidising conditions to form the N- 
oxide before elimination by heating to give a secondary amine. 

20 Many chiral auxiliaries are commercially available, and persons skilled in the art would 
choose one based on the properties desired i.e. the absolute stereochemistry desired 
and compatibility with the processes being used. Chiral auxiliaries suitable for use in 
this process include but are not limited to the S-isomer and/or the R-isomer of phenyl 
glycinol and substituted derivatives thereof, valinol, isoleucinol, leucinol and phenyl 

25 alaninol. 

To induce the stereochemistry required for the preparation of R-salmeterol (compound 
of formula (la)) it is usually necessary to use the S-isomer of the chiral auxiliary and 
conversely, to prepare S-salmeterol the R-isomer of chiral auxiliary should usually be 
30 used. Therefore where the compounds of formulae (I) and (II) have two chiral centres 
they will not generally be both S or both R, they may be for example R,S; in this 
situation the opposite enantiomer will be S,R. 
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However more important than what is the designation of the chiral centre of the chiral 
auxiliary, is that the hydroxy and nitrogen (attached to carbons 1 and 2 respectively as 
designated in the compound of formula (ll x )) 



are syn with respect to each other wherein P 3 and P 4 are as defined above. 

It will be clear to a person skilled in the art that a compound of formula (ll x ) is free to 
10 rotate about the carbon numbered 2 above. It is hypothesised that this rotation can be 
minimised by the addition of an inert metal salt such as calcium chloride. 

Presumably when the rotation is restricted as described above and carbon 1 is a 
carbonyl, R 1 blocks the approach of the hydride on one face of the said carbonyl and 
15 any hydride can only approach from the other face. The alcohol produced by such a 
reduction is in close proximity to R 1 in the area previously not available for the hydrides 
approach. Thus the stereochemistry induced can be influenced by chosing the spatial 
arrangement of the group R 1 . 

20 The term "reducing agenf is a term well understood by persons skilled in the art and 
can include hydride sources like borohydrides and alkali metal borohydrides, but would 
also include hydrogen in catalytic hydrogenation wherein a suitable catalyst such as 
palladium on carbon may be used. 

25 Other suitable hydride sources include sodium triacetoxyborohydride, 
tetrabutylammonium triacetoxyborohydride, sodium cyanoborohydride, polymer bound 
borohydride or sodium borohydride in a solvent such as acetic acid wherein 
triacetoxyborohydride is formed in situ, diborane or a complex metal hydride. 



5 




30 



For part b) of the process the reducing agent may be present concomitant with the 
compounds of formula (II) and (III) for example where the reducing agent is 
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triacetoxyborohydride, and in other circumstances it is necessary to wait until the 
reaction between compounds of formula (II) and (III) is complete before the reducing 
agent is introduced, for example where the reducing agent is an alkali metal 
borohydride or hydrogen. 

5 

Preferably the reducing agent will be present concomitant with the compounds of 
formula (II) and (III) since "one pot" reactions are advantageous in a large scale 
manufacturing process. 

10 Compounds of formula (II) may be reacted with compounds of formula (III) by stirring 
them together at non-extreme temperatures, for example -10 to 60°C, especially 10 to 
60°C, for example ambient temperature, in an inert solvent such as dichloromethane 
(DCM) possibly in the presence of a water scavenger for example molecular sieves, 
magnesium sulphate or triethylorthoformate. 

The protecting groups and/or the chiral auxiliary may be chosen so that they are 
removed during a step in the process rather than requiring a separate deprotection step. 
This may minimise the requirements for deprotection, at the end of the process, to yield 
compounds of formula (I). Preferably all deprotections will be effected when the chiral 
20 auxiliary is removed. Deprotection when used in this specification may refer to or 
include the removal of the chiral auxiliary. 

Reduction with a hydride reducing agent can be performed in an inert aprotic solvent for 
example DCM or tetrahydrofuran in a nitrogen atmosphere typically at non-extreme 
25 temperatures, for example -10 to 60°C, especially 10 to 60°C, particularly ambient 
temperature. 

Compounds of formula (III) can be prepared from oxidation of 6-(4-phenybutoxy)hexyl 
bromide the preparation of which is described in DE 3414752. 

30 

Compounds of formula (II) defined above also form an aspect of the invention, in 
particular some non-limiting examples include: 

1- (2,2-dimethyl-4H-1,3-benzodioxin-6-yl)-2-[(2-hydroxy-1-phenylethyl)amino]ethanol; 

2- {[2-(2,2-dimethyl-4H-1,3-benzodioxin-6-yl)-2-hydroxyethyl]amino}-3-methylpentan-1- 
35 ol; 
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2^[2-(2,2-dimethyl-4H-1,3-benzodioxin-6-yl)^ 

2-{[2-(2,2<limethyMH-1,3-benzodioxin-6-yl)-2-hydroxyeth 

ol; 

2-{[2-(2,2-dimethyl-4H-1,3-benzodioxin-6-yl)-2-h^ 



Also provided is a process for the preparation of compounds of formula (II) as defined 
above which comprises, treatment of a compound of formula (IV) 



10 wherein W is a chiral auxiliary and P 3 and P 4 are defined above, with a reducing agent 
such as a hydride source e.g. sodium borohydride. Preferably this process takes place 
in the presence of an inert metal salt such as calcium chloride suitably at non-extreme 
temperatures e.g. below ambient, such as 0°C. This allows the desired stereochemistry 
to be introduced efficiently with good enantiomeric excess at an early stage in the 

15 synthesis, using inexpensive and relatively harmless reagents. Furthermore the 
enantiomeric excess may be increased by recrystallisation of the product of this 
process. 

Compounds of formula (IV) are novel and also form an aspect of the invention; in 
20 particular some non-limiting examples include: 
1-(2,2-dimethyl-4H-1,3-benzodioxin-6-yO^ 
1-(2 l 2-dimethyl-4H-1,3-benzodioxin-6-yl)-2-{[1-(hydroxymethyl)-2- 
methylbutyl]amino}ethanone; 

1- (2,2-dimethyMH-1 t 3-benzodioxin-6-yl)-2-{[1-(hydroxymethyl)-2- 
25 methylpropyl]amino}ethanone; 

2- [(1 -benzyl-2-hydroxyethyl)amino]-1 -(2,2-dimethyl-4H-1 ,3-benzodioxin-6-yl)ethanone; 
1-(2,2<limethyl-4H-1,3-benzodioxin-6-yl)-2-{[1-(hydroxymethyl)-3- 
methylbutyl]amino}ethanone. 



ol. 




30 



Compounds of formula (IVa) 
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(IVa) 



wherein P 3 and P 4 are as defined above, can be prepared from compounds of formula 
(V) 

O 




(V) 



5 wherein X represents a leaving group e.g. halogen preferably bromine, and P 3 and P 4 
are defined above, by treatment with (S)-phenylglycinol, in the presence of a non- 
nucleophilic base in an inert solvent at non-extreme temperatures e.g. 0 to 60°C t e.g. 
room temperature. Preferably P 3 and P 4 together with the oxygens to which they are 
attached represent acetonide during this reaction. 

10 

Preferably compounds of formula (IV) may be prepared from compound of formula (Va) 




15 wherein X is a leaving group for example halogen such as chloro, bromo or iodo; or 
compounds of formula (IV) may be prepared from compounds of formula (Vb) 




wherein X is a leaving group e.g. halogen. 
20 Other compounds of formula (IV) may be prepared by analogous processes. 
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Most preferably compounds of formula (IV) will be prepared from compounds of (Va). 
Compounds of formula (Va) can be prepared from treating 2-bromo-1-(4-hydroxy-3- 
hydroxymethyl-phenyl)ethanone, the preparation of which is described in GB 2140 800, 
with 2-methoxypropene in acetone in the presence of an acid for example p- 
5 toluenesulphonic acid in a nitrogen atmosphere. 

Other compounds of formula (V) can be prepared by standard methods from 2-bromo-1- 
(4-hydroxy-3-hydroxymethyl-phenyl)ethanone. 

10 It will be clear to persons skilled in the art the enantiomeric excess obtained in the 
compound of formula (I) will depend on the enantiomeric excess of intermediate (II) 
which in turn is influenced by the enantiomeric excess of the chiral auxiliary. If desired, 
the above process may be adapted for preparation of racemic salmeterol using racemic 
intermediates. 

15 

Preferably, however, the process prepares one enantiomer of salmeterol suitably free of 
the other enantiomer e.g. in enantiomeric excess of greater than 90%, preferably 
greater than 95%, especially greater than 99 %. 

20 Intermediates should preferably be used in enantiomeric excess of 90%, preferably 
greater than 95%, especially greater than 99%. 

Other aspects of this invention include the use of compounds of formula (II) and (IV) 
and (V) or deprotected derivatives thereof in the preparation of compounds of formula 
25 (I), salmeterol, single enantiomers thereof, or a salt or a solvate thereof. 



According to another aspect of the invention, is provided a compound of the formula 
(He), 




or a single enantiomer thereof or a salt or a solvate thereof. 
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Advantageously compounds of formula (lie) are crystalline which aids purification and 
are therefore preferred. 

According to another aspect of the invention, is provided the intermediates of the 
5 general formula (VI), 




or a salt or solvate thereof; or 
an intermediate of formula (Via) 




10 and/or a salt or a solvate thereof; and/or intermediate of formula (Vlb) 




or a salt or a solvate thereof. 

15 According to a further aspect of the invention, is provided an intermediate of formula 
(Vila), 




and/or a salt or a solvate thereof and an intermediate of formula (Vllb) 
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or a salt or solvate thereof. 

A further aspect of the invention is use of compounds of formula (II) in the preparation of 
5 compounds of formula (I), and also the use of compounds of formula (IV) and (V) in the 
preparation of compounds of formula (II) or salts or solvates thereof. 

Examples 

LCMS was conducted on an ODS2 column (5 cm x 4.6 mm) eluting with 0.05% HC0 2 H 
10 (solvent A) and 0.05% HC0 2 H in acetonitrile (solvent B), using the following elution 
gradient Omin 10%B, 0-12min 90%B, 12-15min 90%B, 15-17min 10%B at a flow rate of 
1 ml/min detecting at 230nm. The mass spectra were recorded on a Fisons VG 
Platform spectrometer using electrospray positive mode (ES+ve). 

15 l^^-Dimethyl^H-l^-benzodioxin-S-yl^-adS^-hydroxy-l- 
phenylethyl1amino}ethanone 

(S)-Phenylglycinol (28.9g) was added in two portions to a solution of 2-bromo-1-(2,2- 
dimethyl-4H-1 ,3-benzodioxin-6-yl)ethanone (40g) and W,A/-di-/sopropylethylamine 
(48.9ml) in THF (500ml) under nitrogen. After 4h the resulting white precipitate was 

20 removed by filtration and the mother liquor concentrated in vacuo to give an orange oil. 
Acetonitrile (40ml) was added and then removed in vacuo to give a light orange solid 
which was pulverised and triturated with cold acetonitrile (50ml). The resulting solid 
was collected by filtration and washed with acetonitrile (2 x 30ml) to give the title 
compound (38.5g) as a white solid. 

25 1 H NMR includes 6 (CDCI 3 , 300Mz): 1.47 (6H, s), 2.40 (1H, bs), 3.59 (1H. dd, J = 11, 9 
Hz), 3.70 (1 H, dd, J = 1 1 , 4 Hz), 3.81 (1 H, dd, J = 9, 4 Hz), 3.88 (1 H, d, J = 1 8 Hz), 3.97 
(1H, d, J = 18 Hz), 4.77 (2H, s), 6.7-7.7 (8H, m). 



(1 R)-1 -(2,2-Dimethyl-4H-1 ,3-benzodioxin-6-yl)-2-{[(1 S)-2-hydroxy-1 - 
30 phenylethyllamino)ethanol 
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To a cooled mixture (internal temp. 2°C) of 1-(2,2-dimethyl-4H-1 t 3-ben2odioxin-6-yl)-2- 
{[(1S)-2-hydroxy-1-phenylethyl]amino}ethanone (44.9g) in methanol (450ml) under 
nitrogen was added CaCI 2 .2H 2 0 (38.7g) in one portion resulting in a slight exotherm 
(max temp~12°C). After the resulting clear solution had cooled to 0°C, sodium 
5 borohydride (10.5g) was added in four portions over a 50min period. After a further 2h 
at this temperature the volatile material was removed in vacuo resulting in a thick white 
slurry, to which ethyl acetate (500ml) was added. The mixture was filtered through a 
short plug of Hyflo Supercel and the filtrate was washed with water (150ml), brine 
(150ml), dried (Na 2 S0 4 ) and concentrated in vacuo to give a thick orange oil. The oil 

10 was dissolved in acetonitrile (150ml) and cooled to 5°C for 18h. The resulting crystals 
were filtered and washed with acetonitrile (3 x 30ml) to give the title compound (23. 9g). 
The mother liquor from the filtration was concentrated in vacuo and taken up in 
acetonitrile (50ml), cooled to 5°C for 18h to provide (after filtration and washing) a 
second crop of the title compound (3.4g). 

15 1 H NMR includes 5 (CDCI 3> 300Mz): 1.43 (6H, s), 2.55 (1H t dd t J = 12, 9 Hz), 2.65 (1H, 
dd, J= 12, 4 Hz), 2.88 (1H f bs), 3.57 (1H, dd, J = 11, 9 Hz), 3.67 (1H, dd, J = 11, 4 Hz), 
3.73 (1H, dd, J= 9, 4 Hz), 3.54 (1H, dd, J= 9, 3 Hz), 4.71 (2H, s), 6.64-7.30 (8H, m). 
LCMS RT = 5.1 1 min, ES+ve 344 (MH) + 
[a] D 20 + 43.1 (d:02inCH 2 CI 2 ) 

20 

6-(4-Phenylbutoxy)hexanal 

A mixture of DMSO (100ml) and NaH0O 3 (14.1g) was heated to 150°C under nitrogen 
(the mixture had been thoroughly de-gassed prior to heating). 6-(4-Phenylbutoxy)hexyl 
bromide (10.0g) was then added in one portion and the mixture was stirred at 150°C for 

25 5-6min before it was cooled to 20°C over a 10min period. Diethyl ether (100ml) was 
added, followed by water (100ml). The layers were separated and the aqueous layer 
extracted with diethyl ether (200ml). The combined organic layers were washed with 
water (2 x 100ml), dried (MgS0 4 ) and concentrated in vacuo to give the title compound 
(8.4g) which was used without further purification. 

30 LCMS RT = 1 2.03mm, ES+ve 249 (MHf 

(1R)-1-(2 > 2-Dimethyl-4H-1,3-benzodioxin-6-yl)-2-{[(1S)-2-hydroxy-1-phenylethyl][6^ 
phenylbutoxy)hexyllamino}ethanol 
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To a cloudy mixture of (1R)-1-(2,2-dimethyl-4H-1,3-benzodioxin-6-yl)-2-{[(1S)-2- 
hydroxy-1-phenylethyI]amino}ethanol (500mg) and crude 6-(4-phenylbutoxy)hexanal 
(400mg) in CH 2 CI 2 (3ml) under nitrogen was added sodium triacetoxyborohydride 
(433mg) in one portion. A gelatinous mixture formed initially which thinned over a 
5 15min period. The resulting light yellow solution was stirred for 18h before it was 
partitioned between ethyl acetate (10ml) and saturated aqueous NaHC0 3 (30ml). The 
aqueous layer was extracted with ethyl acetate (3 x 20ml) and the combined organic 
layers were dried (MgS0 4 ) and concentrated in vacuo to give the title compound 
(725mg). 

10 1 H NMR includes 5 (CDCI 3 , 400Mz): 1.18-1.38 (5H, m), 1.53 (6H t s), 1.40-1.71 (9H, m), 
2.33-2.41 (1H, m), 2.59-2.70 (4H, m), 2.82 (1H f dd,J = 13, 5 Hz), 3.37 (2H, t, J = 7 Hz), 
3.41 (2H t t, J = 7 Hz), 3.80 (1H, dd, J = 9, 4 Hz), 3.90-4.00 (2H, m), 4.60 (1H, dd, J = 9, 
4 Hz), 4.83 (2H t s), 6.79 (1 H, d, J = 8 Hz), 6.96 (1 H, d, J = 2 Hz), 7.09 (1 H, dd, J = 8, 2 
Hz), 7.15-7.2 (3H, m) f 7.21-7.37 (7H, m) 

1 5 LCMS RT = 7.92min, ES+ve 576 (MH) + 
[a] D 20 -9.0(c1.6inCHCI 3 ) 

(R)-(-)-2-Hydroxymethyl-4{1-hydroxy-2-[[6-(4-phenylbutoxy)hexyl]amino]ethyl}phenol 
A solution of (1R)-1-(2,2-dimethyl-4H-1,3-benzodioxin-6-yl)-2-{[(1S)-2-hydroxy-1- 

20 phenylethyl][6-(4-phenylbutoxy)hexyl]amino}ethanol (110mg), in ethanol (75ml), was 
hydrogenated over Pearlman's catalyst [Pd(OH) 2 , 60% H 2 0, 55mg) for 18h. The 
catalyst was removed by filtration and the residue was washed with methanol. The 
combined filtrate and washings were concentrated and then applied to a 10g SCX ion 
exchange cartridge. The cartridge was eluted with methanol (4 column volumes) and 

25 then with 10% aqueous 880 NH 3 in methanol (3 column volumes). The ammoniacal 
eluent was concentrated under reduced pressure to give the title compound (69mg) as 
a colourless oil. 

LCMS RT = 6.27min, ES+ve 416 (MH) + . 
30 [<x] D 20 - 1 8.5 (c 0.81 in methanol) 

Chiral HPLC on chiralcel column indicated only the presence of the R enantiomer RT = 
9.704min 

(R)-(-)-2-Hydroxymethyl-4(1-hydroxy-2-[[6-(4-phenylbutoxy)hexyl1amino]ethyl}phenol, 1- 
35 hydroxy-2-naphthalenecarboxylic acid salt 
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A solution of (R)-(-)-2-hydroxymethyl^ 

ethyl}phenol (53 mg) in methanol (2ml) was treated with 1-hydroxy-2-naphthoic acid 
(24mg). The solution was evaporated to dryness to give the title compound as a solid 
(77mg) 

5 

Chiral HPLC conducted on a 25cm x 0.46cm Sumichiral OA-4100 column, eluting with 
hexane-dichloromethane-ethanol-trifluoroacetic acid [240:130:30:1] at a flow rate of 
1ml/min indicated the presence of the R enantiomer (98.5%) RT = 18.787min and the S 
enantiomer (1.5%) RT = 16.417min. The ee = 97%. 

10 

Throughout the specification and the claims which follow, unless the context requires 
otherwise, the word 'comprise', and variations such as 'comprises' and 'comprising', will 
be understood to imply the inclusion of a stated integer or step or group of integers but 
not to the exclusion of any other integer or step or group of integers or steps. 

15 
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Claims 

1 . A process for the preparation of a compound of formula (I), 




or a single enantiomer thereof, or a salt or a solvate thereof, wherein W is a chiral 
auxiliary or hydrogen and P 1 and P 2 are each independently chosen from hydrogen or a 
protecting group, , which comprises 
a) treatment of a compound of formula (II), 




(ID 



or a salt or a solvate thereof, wherein W is a chiral auxiliary and P 1 and P 2 are each 
independently chosen from a protecting group, with a compound of formula (III), 




b) treatment of the resulting product with a reducing agent, 

c) if required deprotection to yield the compound of formula (I), or a salt or solvate 
thereof. 

2. A process according to claim 1 , wherein in compounds of formula (I) W represents a 
chiral auxiliary. 

3. A process according to claim 1 for the preparation of a compound of formula (la), 




(R-salmeterol), or a salt or a solvate thereof, which comprises: 
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a) treatment of a compound of formula (Ha), 



OH W 




NH 



(lla) 



or a salt or a solvate thereof, wherein W is a chiral auxiliary and P 3 and P 4 are each 
independently chosen from a protecting group, with a compound of formula (III), as 
defined in claim 1 , 

b) treatment of the resulting product with a reducing agent, and 

c) if required, deprotection to yield the compound of formula (la), or a salt or solvate 
thereof, 

d) optional conversion to the corresponding salt or solvate thereof. 

4. A process according to claim 1 for the preparation of S-salmeterol using the 
appropriate enantiomer of a compound of formula (II). 

5. A process according to claim 1 wherein the salt is xinafoate. 

6. A process as claimed in claims 1 to 5 wherein W represents a moiety of the formula 



or a single enantiomer thereof, wherein R 1 represents phenyl, iso-propyl or sec-butyl. 



or a single enantiomer thereof. 

8. A process as claimed in any one of claims 1 to 7 wherein P 3 and P 4 together with 
the oxygens to which they are attached represent acetonide. 

9. A process as claimed in claims 1 or 2 comprising of a further step or steps of 
removal of protecting groups P\ P 2 and/or the chiral auxilary W to give salmeterol or a 
single enantiomer thereof. 

10. A process according to claim 9 wherein Pearlman's catalyst is used to remove the 
chiral auxilary W. 



00 




(Y) 



7. A process as claimed in claims 1 to 6 wherein W represents a moiety of the formula 
(Ya) 




(Ya) 
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1 1 . A process for the preparation of a compound of formula (II), as defined in claim 1 , or 

a single enantiomer thereof, comprising, treatment of a compound of formula (IV) 

W 

(IV) 

P 3 0' 




10 



wherein W is a chiral auxiliary and P 3 and P 4 are each independently chosen a 
protecting group, with a reducing agent. 

12. A process according to claim 11 wherein the reducing agent is a hydride source. 

13. A process according to claim 12 wherein the reduction is performed in the presence 
of an inert metal salt. 

1 4. A compound of formula (VI) 

)H 

_pr * 





(VI) 



or a single enantiomer thereof, or a salt or a solvate thereof. 
15. A compound of formula (Vila) 




15 or a salt or a solvate thereof. 

16. A compound of formula (Vllb) 




or a salt or a solvate thereof. 
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17. A compound of formula (II) as defined in claim 1, or an unprotected derivative 
thereof wherein the benzyl hydroxides are unprotected, or a single enantiomer thereof, 
or a salt or solvate thereof. 
19. A compound of formula (Ila), 



or a single enantiomer thereof, or a salt or solvate thereof, wherein R 1 represents 
phenyl, iso-propyl or sec-butyl and P 3 and P 4 are each independently chosen from a 
protecting group or an unprotected derivative thereof wherein the benzyl hydroxides are 
unprotected. 

20. A compound of formula (lib), 



or a single enantiomer thereof, or a salt or solvate thereof, wherein P 3 and P 4 are each 
independently chosen from a protecting group or an unprotected derivative thereof 
wherein the benzyl hydroxides are unprotected. 
21. A compound of formula (lie), 



or a single enantiomer thereof, or a salt or solvate thereof. 

22. A compound of formula (IV) as defined in claim 11 or an unprotected derivative 
thereof wherein the benzyl hydroxyls are unprotected or a single enantiomer, or a salt 
or a solvate thereof. 

23. A compound of formula (IVa) 





(lib) 
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(IVa) 



or a single enantiomer thereof, or a salt or a solvate thereof wherein P 1 and P 2 are each 
independently chosen from hydrogen or a protecting group. 
24. A compound of formula (IVb) 




(IVb) 



or a single enantiomer thereof, or a salt or solvate thereof. 
25. A compound of formula (V) 

O 




wherein X is a leaving group and P 1 and P 2 each independently represent a 
protecting group protecting group. 
26. A compound of formula (Va) 




wherein X is a leaving group. 

27. Use of a compound of formula (II) as defined in Claim 1 or a single enantiomer 
thereof, or a salt or a solvate thereof, for the preparation of compounds of formula (I). 

28. Use according to Claim 26 of a compound of formula (lib) 
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or a single enantiomer thereof or a salt or solvate thereof, wherein P 1 and P 2 are each 
independently chosen from hydrogen or a protecting group for the preparation of 
compounds of formula (I). 

29. Use of a compound of formula (IV) as defined in Claim 25 or a single enantiomer 
5 thereof, or salts or solvates thereof, for the preparation of compounds of formula (II) as 
defined in Claim 1. 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
20 December 2001 (20.12.2001) 




PCT 



II 



(10) International Publication Number 

WO 01/96278 A3 



(51) International Patent Classification 7 : C07C 2 13/02 

(21) International Application Number: PCT/GB01/02624 

(22) International Filing Date: 13 June 2001 (13.06.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
0014546.6 



14 June 2000 (14.06.2000) GB 



(71) Applicant (for all designated States except US): GLAXO 
GROUP LIMITED [GB/GB]; Glaxo Wellcome House 
East, Berkeley Avenue, Greenford, Middlesex UB6 ONN 
(GB). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): PROCOPIOU, 
Panayiotis, Alexandrou [GB/GB]; GlaxoSmithKline, 
Gunnels Wood Road, Stevenage, Hertfordshire SGI 2NY 
(GB). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, 
HR, HU, ID, IU IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, 
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): AR1PO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

(88) Date of publication of the international search report: 

21 March 2002 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(74) Agent: GIDDINGS, Peter, John; GlaxoSmithKline, Cor- 
porate Intellectual Property (CN9.25.1), 980 Great West 
Road, Brentford, Middlesex TW8 9GS (GB). 



= (54) Title: A NOVEL PROCESS FOR PREPARING SALMETEROL 



00 

v© 



O 



'CO** 



(I) 



(») 




(57) Abstract: Accordingly, the present invention provides a process for the preparation of a compound of formula (I) or a single 
enantiomer thereof, or a salt or a solvate thereof, wherein W is a chiral auxiliary or hydrogen and P 1 and P 2 are each independently 
selected from hydrogen or a protecting group, which comprises: a) treatment of a compound of formula (II), or a salt or a solvate 
thereof, wherein W is a chiral auxiliary and P 1 and P 2 are each independently selected from hydrogen or a protecting group, with 
a compound of formula (IB); b) treatment of the resulting product with a reducing agent; c) if required, deprotection to yield the 
compound of formula (I), or a salt or solvate thereof. In particular there is provided a process for producing a substantially pure 
single enantiomer of salmeterol. 



INTERNATIONAL SEARCH REPORT 



Int tional Application No 

PLi'/GB 01/G2624 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C07C213/G2 






According t< 


) International Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 
1PL / 10/ t 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal, WPI Data, PAJ, CHEM ABS Data 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 0 


Citation of document with indication, where appropriate, of the relevant passages 


Relevant to daim No. 


Y 


EP 0 422 889 A (GLAXO GROUP LTD) 
17 April 1991 (1991-04-17) 
cited in the application 
page 5, line 10 - line 42 




1-24, 
27-29 


Y 


GB 2 140 800 A (GLAXO GROUP LTD) 
5 December 1984 (1984-12-05) 
cited in the application 
page 5, line 40 - line 48 




1-24, 
27-29 


A 


HETT R. ET AL.: "Enantioselective 

Synthesis of Salmeterol via Asymmetric 

Borane Reduction 0 

TETRAHEDRON LETTERS, 

vol. 35, no. 50, 1994, pages 9375-9378, 

XP001021839 

page 9375, paragraph 2 


1-24, 
27-29 


| | Further documents are listed In the continuation of box C. 


|X | Patent family members are listed in annex. 


° Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the International 

fifing date 

"L" document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"0" document referring to an oral disclosure, use, exhibition or 
other means 

'?' document published prior to the international filing date but 
later than the priority date claimed 


T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X" document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y* document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 


Date of the actual completion of the international search 

1 October 2001 


Date of mailing of tha international search reoort 

03 Dec 2001 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentfaan 2 
HI - 2280 HV Rijswi|c 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-301 6 


Authorized officer 

Janus, S 



Form PCT71SA/210 (second ihmQ (July 1992) 



INTERNATIONAL SEARCH REPORT 



jrnational application No. 

PCT/GB 01/02624 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This international Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1. I Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. I | Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3. [™] Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this International application, as follows: 

see additional sheet 



1 . I I As all required additional search fees were timely paid by the applicant, this international Search Report covers all 
1 — I searchable claims. 

2. [J As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
1 — 1 covers only those claims for which fees were paid, specifically claims Nos.: 



4. |_yj No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

1 - 24, 27 - 29 



Remark on Protest f^] The additional search fees were accompanied by the applicant's protest. 

| "| No protest accompanied the payment of additional search fees. 



Form PCT/1SA/210 (continuation of first sheet (1 )) (July 1 998) 



International Application No. PCT/GB 01/02624 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-24, 27-29 

Process for the preparation of compounds of formula (I) 
characterised by the use of a starting amine of formula 
(II), and intermediates therefor. 



2. Claims: 25, 26 

Compounds of formula (V) and (Va). 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Ini- Clonal Application No 

Pti/GB 01/02624 



Patent document 


Publication 




r aiem lamiiy 


Pi ihlir*ptinn 


cited in search report 


date 




members) 


date 


EP 0422889 A 


17-04-1991 


AU 


629989 B2 


15-10-1992 




AU 


6390190 A 


18-04-1991 




CA 


2027262 Al 


11-04-1991 




EP 


0422889 A2 


17-04-1991 




TP 


903614 Al 


24-04-1991 




IL 


95936 A 


19-01-1996 




JP 


3133946 A 


07-06-1991 




KR 


192622 Bl 


15-06-1999 




NZ 


235605 A 


23-12-1992 




PT 


95542 B 


30-09-1999 




ZA 


9008077 A 


28-08-1991 


GB 2140800 A 


05-12-1984 


AT 


390611 B 


11-06-1990 ! 




AT 


129184 A 


15-11-1989 




AU 


573212 B2 


02-06-1988 




AU 


2706484 A 


25-10-1984 




BE 


899448 Al 


18-10-1984 




BE 


900835 A4 


17-04-1985 




BG 


61490 B2 


30-09-1997 




CA 


1335999 Al 


20-06-1995 




CA 


1336004 Al 


20-06-1995 




CH 


661497 A5 


31-07-1987 




CH 


667084 A5 


15-09-1988 




CZ 


9104028 A3 


12-05-1993 




CY 


1482 A 


08-12-1989 




CZ 


285602 B6 


15-09-1999 




DE 


3414752 Al 


18-10-1984 




DE 


3448338 C2 


19-05-1993 




DE 


3448452 C2 


05-01-1994 




DK 


158092 A 


30-12-1992 




DK 


201784 A 


19-10-1984 




ES 


531722 DO 


01-06-1985 




ES 


8505641 Al 


01-10-1985 




ES 


539625 DO 


16-07-1986 




ES 


8609209 Al 


16-12-1986 




FI 


841548 A ,B, 
2545482 Al 


19-10-1984 




FR 


09-11-1984 




GB 


2176476 A ,B 


31-12-1986 




GR 


79925 Al 


31-10-1984 




HK 


36889 A 


12-05-1989 




HU 


200160 B 


28-04-1990 




IE 


57237 Bl 


17-06-1992 




IL 


71569 A 


30-10-1987 




IT 


1199112 B 


30-12-1988 




JP 


1862136 C 


08-08-1994 




JP 


5069817 B 


01-10-1993 




JP 


63264443 A 


01-11-1988 




JP 


1643826 C 


28-02-1992 




JP 


3000858 6 


09-01-1991 




JP 


59199659 A 


12-11-1984 




JP 


2001385 C 


20-12-1995 




JP 


6087800 A 


29-03-1994 




JP 


7029997 B 


05-04-1995 




KE 


3864 A 


19-05-1989 




KR 


9204186 Bl 


30-05-1992 




LU 


85329 Al 


04-06-1985 




LU 


88265 A9 


03-02-1994 




MX 


9203226 Al 


01-07-1992 



Form PCT/lS A/21 0 (patent family annex) (July 1992) 



page 1 of 2 



1? 



INTERNATIONAL SEARCH REPORT 

nformation on patent family n 



Inte- 'inal Application No 

PCi/GB 01/02624 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



GB 2140800 



NL 
NO 
NZ 
NZ 



8401258 A 
841568 A 
207885 A 
221999 A 



,B, 



16-11-1984 
19-10-1984 
29-11-1988 
29-11-1988 



Fwm PCT/ISA/210 (patent family annex) (Jiiy 1992) 



page 2 of 2 



